ELLIPTIC MODEL
Let us first consider the simple elliptic problem:
with periodic boundary conditions. The subscript indicatespartialderivative.The Fourier approximation of the dependent variable_ is
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The linear system corresponding to (2.1) may be found in [1] and will be denoted by Lc. The eigenfunctions of (2.1) are
with the corresponding eigenvalues
The collocation problem will be preconditioned by finite elements. Introducing the approximate FE operator _,, the preconditioned Richardson iteration is written as: (2.6) where k is an iteration index, oh a relaxation factor and _, f the vectors corresponding to the unknowns and source terms at the collocation points. The convergence of (2.6)^is governed by the spectral radius p(A) of the iteration operator defined
by A = I -akL-1Lo. The optimal value of the relaxation factor is:
where A=_, and A,,_,= are the minimum and maximum eigenvalues of L-ZL,.
An approximate estimate of the number of iterations n needed to reduce the error norm by a factor ( is given by n = -log(/Roo(A), (2.8)
where Roo(A) = -log p(A) is the asymptotic rate of convergence of the iterationmatrix.
The spectralradius p(A) which isinvolved in the error reduction process with the use of a,,t (Eq. (2.7))isgiven by _,_= + _m,." (2.9)
In order to investigatethis quantity for various preconditioners,we have to define the finiteelement problem more precisely.
Lagrangian linearelements, Hermite cubic elements (i.e., Q1, P3 in Ciarlet's notations [2] ) as well as higher-order Lagrangian interpolantshave their verticesat the Fourier collocation grid (2.3).However, for Lagrangian quadratics (Q2), mid-points are added at For QI elements_ Ih reduces to the unit matrix; for higher-order interpolantshowever, the structure of this matrix is more complicated. In order to avoid writing the detailsof Ih,
we will systematically assume the use of staticcondensation. Consequently, the iteration operator may be written:
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where _h and A_/hreferto stiffness and mass matrices aRer staticcondensation.
Linear Lagrangian Elements
For an interiornode, the expressions for the stiffness and mass matrices are well-known:
Fourier analysis of (2.14), (2.15) with the eigenfunction (2.4) leads to the expression of the eigenspectrum of _q_-lMh_c,denoted by _(p),
Typically, the second factor in the right-hand side of (2.16) comes from the contribution of the mass matrix. In the case of finitedifference(FD) preconditioning, this factor is one. For iv = 0, st(p) = 1, while for p = -N/2,_(p) = _r2/12. This last value should be compared to the FD equivalent which is or(p) = 7r2/4 [Z]. The eigenvalue spectrum of the FE preconditioning is reduced because of the beneficial presence of the mass matrix. Fig. 1 shows the behavior of or(p) with respect to p for h = 27r/100. The function has a minimum value equal to 0.603. Therefore, the optimum value for a is a_t _ 1.18, (2.17)
and over-relaxationis possiblefor FE preconditioning unlike the FD preconditioning where under-relaxation isrequired to converge. In practice,the Q1 preconditioning with a spectral radius of 0.18 converges twice as fast as the FD preconditioner whose spectralradius is of the order of 0.42.
Quadratic Lagrangian Elements
The equations related to nodes j and j 4-] may be cast in the following matrix form:
The use of static condensation eliminates the contributi0n of u s ½ and u i+½ and Eq. (2.18) reduces to only one relationship for node j on the collocation gr_d
Let us notice that for _h on the lefthand-side of (2.19),we recover the stiffness matrix 5'h associated to QI elements whereas in the right-hand side, -Mh corresponds to a different quadrature rule. Carrying out the Fourier analysisof (2.19),one obtains
(2.20)
For the particularvalues p = 0 and p = -N/2, _r(p)isequal to 1 and _r2/12,respectively. As a(p) is a monotically decreasing function with respect to p (Fig. i) ,the optimum value of a is o_t = 2/(i + _r2/12)--1.0974, (2.21) and the corresponding spectral radius p(A) is equal to 0.0974.
Cubic Lagrangian Elements
For the sake of compactness, we give the local stiffness and mass matrices over the uniform mesh:
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Cubic Hermite Elements
At node j, the discrete equations are
420(t___
Fourier analyzing (2.26),one gets the spectrum: preconditioning.
HYPERBOLIC PROBLEMS
We now turn our attention to the first-order differential equation 
Linear Lagrangian Elements
Using the standard Galerkin approach, a centered scheme is produced and yields the
By Fourier analysis, we obtain: This excellent behavior explains the reason why in Demaret-Deville [5] , the relaxation parameter was almost independent of the Reynolds number.
Advection-Diffusion Model
The last scalar model analyzed in this paper is the one-dimensional advection-diffusion problem.
The differential equation writes -_;u.. 
STOKES EQUATIONS
Let us write the Stokes equations in stress formulation:
di, e + pf. = O, (4.1) a_v_= 0.
(4.2)
The symbol _ denotes the stress tensor, p is the density, 
Q2-Q1 Elements
For this element, M = 2N. Carrying through the algebra involved by the quadratures (4.11) and assembling by direct stiffness the contributions of the two element8 connected to node j, we obtain:
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2ik# .
-_ (-,J_ + vj+_) (4.12) (4.13) #k2h.
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•_ (Vj -_-8Vj+I/2 "_-Vj+I) (4.14) 
Q1-P0 Element
The quadratures ikh . 
In Figures  8 and 9 , the eigenspectrum of S_tMhL_ are displayed for k = 1 and 10, respectively. In these two figures, the top curve is that of the elliptic model preconditioned by Q1 
